Assessing the contribution of climate variability and human activities to Suzhou's water resources change is important to the design of water resources and provide technical support for the overall planning of Suzhou sponge city. Based on Suzhou hydrology history data, Mann-Kendall method and linear regression method is used to study the change trend of more than 50 years of Suzhou rainfall runoff evaporation, coupled with Mann-Kendall method to validate the abrupt change point of the annual runoff series. The elasticity method is used to analysis the contribution of climate variability and human activities, to explore the main cause of the change of the runoff. The results show that the overall trend of rainfall over the years is increasing, the overall trend of runoff over the years is significantly increasing, and the overall trend of evaporation over the years is decreasing, and a sudden change occurred in 1991. climate variability in Suzhou is the main factor of runoff change, contributing 58.52% and contributing 41.48% to human activities.
Introduction
As the source of life, water resource acts an indispensable role in the process of human survival and is an important material. IPCCAR5 clearly points out that since the middle of the 20th century, global climate has been warming continuously, precipitation pattern has been redistributed, and extreme weather events have been occurring continuously, which have seriously affected regional water circulation and ecosystem stability. In recent years, the rapid urbanization process in Suzhou has affected the water cycle in this region. As the foundation of Suzhou's survival and development, water resources should correctly evaluate the impact of climate variability and human activities on the change of water resources in Suzhou, so as to provide scientific basis for scientific and reasonable utilization and protection of water resources and technical support for the overall planning of Suzhou sponge city construction.
There are four main methods at home and abroad to analyze the impact of Climate variability and human activities on water resource change:(1) paired catchment approach [1] ; (2) empirically statistical methods [2] ; (3) physically-based hydrological models [3] ; (4) elasticity or sensitivity based method [4] - [8] . The influence of different underlying surfaces on water resources was analyzed by the paired catchment approach method. But this approach usually involves small watersheds and is expensive to run. Empirically statistical methods such as linear regression, time trend analysis methods usually need a long-term historical data to establish the relationship between rainfall and runoff, to detect the effects of climate change. However, this kind of method is based on the statistical characteristics of the data and seldom considers the physical meaning. The method of physically-based hydrological model is to simulate the impact of climate and land use change on hydrological performance in different scenarios by adjusting the parameter variables in the model. This kind of hydrological model has complex structure, many input data, long calibration and verification time, and great uncertainty. Based on water balance, based on the assumption Budyko elastic coefficient method, the use of simple and have physical meaning elastic coefficient to assess the effect of Climate variability and human activities, and gradually used in the study of this field in recent years.
In view of the limitations of Suzhou's regional area, data, models and other aspects, this paper adopts a variety of elasticity coefficient formulas under the assumption of Budyko to comprehensively evaluate the contribution rates of climate variability and human activities to the change of water resources in Suzhou, which can provide a decision basis for the overall planning of Suzhou's sponge city construction.
Watershed profile
Suzhou is located in the middle of the Yangtze river delta, east of Shanghai, south of Jiaxing and Huzhou, Zhejiang province, west of Taihu lake, and Wuxi city, north of the Yangtze river. The total area of the whole city is 8488.42km 2 , among which the water area is 3609.40km 2 , accounting for 42.5% of the total area. The average annual precipitation is 1086.3mm.
Data and research methods

Choose the data
In this paper, annual rainfall and evaporation data of Suzhou city from 1956 to 2017 were selected for data analysis. The average annual rainfall is obtained by weighting the data of rain measuring stations according to the Thiessen polygon method.
The research methods
Trend test and break point analysis.
When analyzing the variation trend of annual rainfall, annual evaporation and annual runoff, two methods, linear regression [9] and Mann-Kendall [10] - [12] , were used to judge: 1) linear regression: establish the linear regression relationship between observation data and time, and judge the trend of variables.
2) Mann-Kendall: Mann-Kendall trend test is a non-parametric test method, which has the advantages of not needing Gaussian distribution of samples and not being disturbed by outliers. It can analyze and test the changing trend of precipitation, runoff, evaporation and other non-normal distribution series.
Quantitative analysis of contribution.
The change of runoff is the result of regional climate variability and human activities. Namely
as the total runoff change, runoff variation caused by climate variability; total for the variability of runoff caused by human activities. Quantitative assessment of the result variability and human activities on runoff, by quantifying the can obtain human activities cause the variability of total . Climate change caused by runoff changes can be made of the calculation:
, , 0 are the average runoff, average rainfall and average evaporation of long series respectively. for rainfall average difference before and after the mutation, 0 for the mean difference of potential evaporation ability before and after the mutation. and 0 respectively, runoff of the elastic coefficient of rainfall and evaporation potential. Long time due to the basin water balance equation( = − ), as well as Budyko [13] hypothesis, river basin( )as the actual evaporation drying index of( = 0 ⁄ )function. The elasticity coefficient can be calculated according to the following formula:
Among them, ( ) and ′ ( ) can be presented with some specific function forms through the following published results [14]- [17] in the form of Budyko, summarized in Table 1 . Table 1 . F( ) and F ′ ( ) of the four mathematical expression
The results
Analysis of variation trend of rainfall, runoff and evaporation (1)
The statistical values of annual rainfall, runoff and evaporation calculated by M-K method are shown in Table 2 . The rainfall and runoff series Z in Suzhou were both greater than 0, indicating that the annual rainfall and runoff had an increasing trend. The Z of runoff series is 1.67, indicating that the annual runoff increases significantly. The increasing trend of annual rainfall is not significant. The Z value of evaporation is less than 0, indicating that the evaporation sequence in Suzhou shows a decreasing trend, but the trend is not significant (2) according to the linear regression method, it can also be seen from Figure 1that rainfall and runoff in Suzhou have a general trend of rising, while evaporation has a general trend of declining. 
Mutation analysis
( ) ′ ( ) Schreiber 1 − ⅇ − ⅇ − Ol'dekop ℎ(1⁄ ) ℎ( 1 ⁄ ) − 4 [ (ⅇ −1⁄ + ⅇ 1⁄ ) 2 ] ⁄ Budyko [ ( ⁄ )( − ⅇ − )] . 0.5 [ ℎ ( 1 ) − (1 − ⅇ − )] −0.5 × [( ℎ ( 1 ) − ⅇ ℎ 2 ( 1 ) ) (1 − ⅇ − ) + ℎ ( 1 )ⅇ − ]
Turc-Pike
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Abrupt analysis of rainfall.
(1) According to the M-K curve of rainfall, the intersection point of the two curves in the confidence interval may be a sudden change point. As shown in Figure 2 we find that there are many intersection points in the figures, respectively at the sudden change point of rainfall in 1991, 1996,1998, 2002 and 2006. (2) According to the M-K curve of runoff, the intersection point of the two curves in the confidence interval may be a sudden change point. As shown in Figure 3 , we find that there are many intersection points in the figures, respectively at the sudden change point of runoff in 1991, 1993, 1997, 2003, 2006, 2011, 2012 
Analysis of contribution of rainfall and human activities to runoff
From the base period to the abrupt transition period, the average annual runoff increased by 36mm and rainfall increased by 30mm, as shown in Table 3 . Four function forms are used to calculate the contribution rate of climate variability and human activities to runoff change by elastic coefficient method. The calculation results are shown in Table 4 . climate variability increased runoff by about 17.19mm~26 .98mm, and contributed between 47.10% and 73.89% to runoff. Human activities increased runoff by 9.53mm~19.30mm, and contributed 26.11%~52.90% to runoff change. climate variability and human activities on runoff change the average contribution rate of 58.52% and 41.48%, respectively, show that in the Suzhou area the influence of climate variability on runoff increase than the impact of human activities. 
5.Conclusion
In order to explore the influence of rainfall and human activities on runoff in Suzhou, Mann-Kendall test method and linear regression method were adopted to detect the trend change of rainfall, runoff and evaporation in Suzhou from 1956 to 2014, and it was found that the overall trend of rainfall and runoff was rising, while the overall trend of evaporation was decreasing. By using MK test, it was concluded that 1991 was the year of mutation.
According to the method of elasticity coefficient, climate variability is the main reason that affects runoff change in Suzhou. The following is the outlook and some shortcomings of this paper. rainfall and runoff are directly included in climate variability in this paper. However, as long as enough detailed information is obtained, it will be able to estimate the impact of rainfall and evaporation on runoff change respectively. How to further refine the response of runoff change to rainfall evaporation and different human activities needs to be further discussed.
